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@ Focusing apparatus for video camera or the like. 



@ A focusing apparatus for video camera or the 
r-like in which a change-over between automatic fo- 
^cusing and manual focusing is possible comprises 
^an endlessly rotatable and hand-worked manipulator 
0(5. 26. 33). a detector (50-52. 13-15, 55. 57. 28. 30, 
O 77-79) for detecting the direction and amount of 
^manipulation or rotational movement of the manipu- 
rOlator, and a controller/driver (8-10, 8') for moving a 
^part of optical elements in an optical system along 
Qitg optical axis direction In a direction corresponding 
^ to the direction of manipulation of the manipulator 
detected by tiie detector and by a distance cor- 
responding to the amount of manipulation of the 
manipulator detected by the detector, thereby taking 



tiie focus. 
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FOCUSING APPARATUS FOR VIDEO CAMERA OR THE UKE 



BAKGROUND OF THE INVENTION 

The present invention relates to a focusing 
apparatus for video camera or the like, and more 
particularly to a focusing apparatus suitable for 
attainment of focusing through manual operation. 

The basic structure of a lens system of a video 
camera or the like includes an object lens group 
17, a variator lens group 18, a compensator lens 
group 19. a rear lens or master lens group 21. an 
image pickup element 22 and a diaphragm device 
20. as shown by a schematic view of Rg. 1. The 
object lens group 17 has a function of taking the 
focus of each desired object at any distance. The 
variator lens group 18 has a variable power or 
multiplying function associated with zooming. The 
compensator lens group 19 is movable Interlocking 
with zooming to perform a compensation function 
of preventing the desired object from being taken 
out of focus during zooming. The master lens 
group 21 has an imaging function of forming an 
image of the object onto the image pickup element 
22. 

In a zoom lens used in such a video camera, 
focusing or the adjustment of focus is usually ef- 
fected by the movement of the object lens group. 
A so-called automatic focusing apparatus in which 
the adjustment of focus is automatically made, is 
based on an infrared ranging system or TTL pro- 
jection system, as discribed by National Technical 
Report. Vol. 31. No. 6. pp. 65-67, Decemt>er 1985 
(hereinafter referred to as prior art (A)). The prior 
art (A) includes no particular discription of the case 
where focusing is performed through manual op- 
eration. However, the prior art (A) discloses a struc- 
ture in which an automatic/manual change-over 
switch is usually provided to allow a change-over 
between automatic focusing and manual focusing, 
as required, more especially, a structure in which a 
manual focus adjustment is made in such a man- 
ner that a focus ring 16 mounted on a lens tube or 
sleeve lOO and interlocking with the object lens 17 
as shown in Rg, 2 is rotationally moved through 
directiy hand-worked operation, thereby perfomiing 
a fine focus adjustment. 

In recent years, compact articles or goods 
which are woricable (or easy to deal with), of low 
cost and handy to carry are greatiy required with 
rapid demands for cameras combined with VTR's 
(such as movies). In order to cope with such re- 
quirements, there has been reported an article as 
disclosed by "Hitachi's Camera Combined with 
VTR; Mastax Movie C^" on page 17 of the 
"Hitachi" for April 1987 (hereinafter referred to as 
prior art (B)). In a structure disclosed by the prior 



art (B). the entire lens system is incorporated into a 
movie casing. 

With the structure disclosed by tfie prior art 
(B). it is not possible to lake tiie focus by the 

5 rotational movement of a focus ring for lens 
tiirough directiy hand-woriced operation as is done 
by tile prior art (A). Therefore, the prior art (B) 
employs a manual focusing mechanism called a 
power focusing mechanism, as is also suggested 

10 by tile prior art (A), in order to satisfy the above- 
mentioned requirements for compact and workable 
articles. A concrete example of tfie power focusing 
mechanism is not disclosed by the prior art (A) but 
can t^e realized as shown in Fig. 3. 

15 Rg. 3 shows a control circuit for a zoom lens 

generally used in a video camera. In tiie figure, 
reference symbols A and B designate terminals 
applied with control signals for automatic focusing, 
numeral 101 designates an automatic/manual 

20 change-over switch, and symbols SWi and SWa 
designate button switches for power focusing. In 
each of tiie switches SWi and SWa. opposite con- 
tacts thereof are connected with each other during 
only a time when a button of that switch is de- 

35 pressed. Numeral 102 designates a focusing motor, 
and numeral 103 designates a motor driving circuit 
which includes transistors Qi to O7 and resistors 
Ri to Re. In a state in which tiie automatic/manual 
change-over switch 101 is turned to the manual 

30 side (or switch open side) and tine button switch 
SWi is depressed. Uie transistors Qi, Q2, Qa and 
Qa are tumed off while tiie transistors Qi. Qs. Qe 
and Q? are tumed on so that a motor current flows 
in a direction indicated by arrow a along a path of 

35 power source (Vcc) ~^ transistor CU — motor 102 -* 
transistor Q7 earth (G), thereby rotating the 
motor 102 (for example, in a positive or fonward 
direction). On the other hand, in a state in which 
the button switch SW2 is depressed, tiie transistors 

40 04^. Qs, Qg and Q7 are tumed off while the b^sis- 
tors Qi, Qa, Qa and Qs are tumed on so tiiat a 
motor current flows in a direction indicated by 
arrow b along a path of power source (Vcc) 
transistor Qa -* motor 102 — transistor Qa — earth 

45 (G), thereby rotating the motor 102 in a negative or 
reverse direction. In a state in which the button 
switches SWi and SWz are not depressed, tiie 
transistors Qi. Qa, Qa. Qs. Q$ and Q7 are tumed 
on and the transistors Q* and Qb are tumed off so 

50 tiiat opposite ends of tiie motor 102 are grounded 
tiirough tiie b-ansistors Qa and Q7 and hence no 
motor cun-ent flows, ttiereby keeping the motor 102 
in a stopped condition. 

The repetition of tiie forward rotation, reverse 
rotation and stoppage of tiie motor tiirough the 
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above-mentioned operation of the button switches 
ailows focusing by fine adjustment, that is, power 
focusing. 

The foregoing has been explained in conjunc- 
tion with the case where focusing is effected by 
means of the object lens. Also, a so-called rear 
focusing system (master lens focusing system) is 
known in which focusing is effected by moving the 
master lens. In such a case, the coupling of the 
master lens with an interlocking relation with the 
focus ring is difficult for strxjctural reasons and 
hence a power focusing device is an indispensable 
mechanism. 

In the structure disclosed by the prior art (A), 
since the focus ring for lens is rotated through 
directly hand-worked operation, focusing can be 
attained rapidly and with high precision. However, it 
is difficult for structural reasons to make the article 
compact and the structure is hard to deal with. On 
the other hand, the structure disclosed by the prior 
art (B) is excellent in compactness of the article. 
However, in the case of the so-called power focus- 
ing device by which focusing is made through 
control for motor or lens movement/stoppage by 
the operation of button switches, the operation itself 
is conveniently simplified but a delicate button op- 
eration is required for taking the focus with high or 
excellent precision. Also, due to the influence of 
inertia of the tens and/or motor, etc., it is difficult to 
accurately stop the lens at a desired position. Fur- 
ther, when the speed rotational movement of the 
motor or lens is lowered, for example, by decreas- 
ing the motor current, a time required for focus 
adjustment becomes inconveniently long though 
the requirement for delicate button operation can 
be moderated and the influence of inertia can be 
reduced. Furthermore, even if a rear focusing sys- 
tem is employed, focusing must be performed by 
use of the power focusing device and hence it is 
difficult like the prior art (B) to accurately stop the 
lens at a desired position. 

U.S. Application Serial No. 233.011 filed on 
July 18, 1988 by Murakami et al and entitled 
"Focusing Apparatus of Video Camera or the Like" 
has proposed an apparatus in which focusing to a 
position conresponding to the position of a contact 
or slider of a variable resistor manually operated is 
made by means of a feedback control system. If 
this apparatus in which ttie focus is taken depend- 
ing on the position of the slider of the variable 
resistor is used in, for example, a system in which 
a change-over between automatic focusing and 
manual focusing is possible, the change-over from 
automatic focusing to manual focusing causes a 
difference between a position at which focusing has 
been attained through automatic operation and a 
focal position which conresponds to ttie present 
position of the slider of the variable resistor, so that 



tiie in-focus position of ttie camera is inconve- 
nientiy feedback-controlled toward a focal position 
corresponding to the position of tiie slider. 

5 

SUMMARY OF THE INVENTION 

An object of tiie present invention is to provide 
a focusing apparatus for video camera or tiie like in 

10 which a focal position of an optical system is 
changed in accordance with tiie direction and 
amount of manipulation or movement of a manipu- 
lator such as a slider of a variable resistor. 

Anotiier object of the present invention is to 

IS provide a focusing apparatus for video camera or 
the like in which upon change-over from automatic 
focusing to manual focusing, a focal position of an 
optical system is changed inrespective of the posi- 
tion of a manipulator such as a slider of a variable 

20 resistor but in accordance with the direction and 
amount of movement of ttie manipulator which has 
been manually moved after ttie change-over. 

According to the present invention, tiie direc- 
tion and amount of movement of a manipulator 

25 such as a slider of a variable resistor are detected 
and an optical element in an optical system is 
moved In a direction conresponding to the detected 
movement direction by a distance coaesponding to 
the detected movement amount thereby changing 

30 Uie focal position of the optical system. 

A focusing apparatus for video camera or the 
like in which a change-over between automatic 
focusing and manual focusing is possible, can be 
constructed such that upon change-over from auto- 

35 matic focusing to manual focusing, a focal position 
is manually changed by moving at least one optical 
element in an optical system in-espective of tiie 
stopped position of a manipulator for manual focus- 
ing but in accordance with the direction and 

40 amount of movement of the manipulator which 
been manually moved after the change-over. 

Especially, in ttie case where the manipulator 
is endlessly rotatable in eittier direction and a ro- 
tary variable resistor is used as means for detect- 

45 Ing ttie direction and angle of rotation of the ma- 
nipulator, an open area where the movement of a 
slider of ttie variable resistor as ttie manipulator is 
not detectable may be produced between opposite 
ends of a resistor element of ttie variable resistor 

50 which ttie slider contacts. According to certain em- 
tjodiments of tiie present invention, ttie focal posi- 
tion of the optical system can be changed correctly 
even if the slider is present in the open area. 
Namely, a plurality of resistor elements are used 

55 so ttiat sliders for two resistor elements are not 
simultaneously positioned into ttie open area or a 
variable resistor Including one resistor element is 
provided with a plurality of sliders rotated simulta- 



5 



EP 0 334 003 A1 



6 



neously with a predetermined angle kept there- 
between so that the sliders are not simultaneously 
positioned into tSne open area. In either case, the 
direction and amount of movement of either one 
slider is selectively detected and the focal position 5 
of the optical system is changed on the basis of 
the results of detection. A rotary encoder can be 
used in place of the rotary variable resistor. 

According to the present Invention, it is possi- 
ble to detect a signal changing in accordance with to 
tiie amount of manipulation of the manipulator. 
Values of this changing signal before and after a 
predetermined intemal or period of time are com- 
pared wltii each otiier to produce a differential 
signal representative of a difference therebetween is 
and a focusing motor is controlled in such a man- 
ner that the focusing motor is rotated in a positive 
or forward direction, for example, when the dif- 
ferential signal takes a plus (+) sign, the motor is 
rotated in a negative or reverse direction when the zo 
differential signal takes a minus (-) sign and the 
motor is stopped when the differential signal is 
zero while a focusing lens is moved by a distarK» 
corresponding to the absolute value of the differen- 
tial signal. Thereby, it is possible to move ttie ss 
focusing lens in accordance witii the amount of 
movement of the manual focus adjustment means 
or manipulator. As a result a desired manual focus 
adjustment for any object can be realized. 

If a focusing mechanism is employed for a rear 30 
or master lens having a light weight and the lens is 
driven by a pulse motor or the like having a small 
inertia and a high precision for positioning, a more 
accurate positioning control can be convenientiy 
attained. 35 



Rg. 10 shows a block diagram in tiie case 
where a rotary encoder is used as a manipulaton 

Hgs. 11A and 11 B show waveforms for ex- 
plaining the principle of operation in Rg. 10: 

Rg. 12 is a bkx;k diagram showing another 
embodiment of the present invention; 

Rg. 13 is a view showing an example of the 
construction of a variable resistor used as a ma- 
nipulator in tiie embodiment shown in Rg. 12; 

Rg. 14 is a characteristic view for explaining 
the principle of operation of the embodiment shown 
in Rg. 12: 

Rg. 15 is a block diagram showing a whole 
construction in the case where a function of the 
embodiment shown In Rg. 12 is realized by a 
microcomputer: 

Rg. 16 is a flow chart showing the operation 
of tiie construction shown in Rg. 15; 

Rg. 17 shows another example of the con- 
struction of die variable resistor used in the em- 
bodiment shown in Rg. 12; 

Rg. 18 is a characteristic view for tiie exam- 
ple shown in Rg. 17; 

Rgs. 19 and 20 show further examples of 
tiie construction of tiie variable resistor; 

Rg. 21 is a block diagram showing a further 
embodiment of the present invention in which an 
additional function is provided; 

Rgs. 22 to 24 are partially-cut perspective 
views showing different examples of the construc- 
tion of a manipulator used in the present invention: 
and 

Rgs. 25 and 26 are perspective views sche- 
matically showing further constructive examples of 
tiie manipulator used in tiie present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 shows a schematic view of an optical 40 
system of a general video camera; 

Rg. 2 is a view schematically showing tiie 
construction of the conventional video camera; 

Rg. 3 is a circuit diagram showing an exam- 
pie of a motor driving circuit suitable for tiie con- 45 
ventional power focusing device; 

Rgs. 4 to 6 are block diagrams showing 
different embodiments of the present invention; 

Rg. 7 is a characteristic view for explaining 
tiie principle of operation of the embodiment shown so 
in Rg. 6; 

Rg. 8 is a block diagram showing a whole 
construction in the case where a function of the 
eml>odiment shown in Rg. 6 is realized by a micro- 
computer; ss 

Rg. 9 is a flow chart showing the operation 
of tiie construction shown in Rg. 8; 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Embodiments of ttie present invention will now 
t>e explained in reference with tiie accompanying 
drawings. 

Rg. 4 is a block diagram showing a first em- 
bodiment of the present invention. In Rg. 4, refer- 
ence numeral l designates a lens system, numeral 
2 an image pickup element, numeral 3 a camera 
circuit numeral 4 an automatic focusing circuit 
numeral 5 a variable resistor as a manual focus 
adjustment means, numeral 6 a differential voltage 
detecting circuit numeral 7 an automatic/manual 
(A/M) change-over circuit (switch), numeral 8 a 
focusing motor controlling circuit numeral 9 a mo- 
tor driving circuit numeral 10 a focusing motor, 
and numeral 1 1 a focusing lens. 

When the adjustment of focus by manual op- 
eration is desired. ■ tiie change-over switch 7 is 
turned to the manual (M) side so ttiat ttie automatic 
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focusing circuit 4 Is placed into a disconnected 
condition. Explanation of the automatic focusing 
circuit 4, the image pickup element 2 and the 
camera circuit 3 will be omitted since they do not 
belong to the subject matter of the present inven- 
tion and can be provided with well known construc- 
tions or components. The automatic focusing cir- 
cuit 4 may be based on any system such as an 
infrared ranging system or TTL projection system 
as disclosed by U.S. Patent No. 4.672.456. IEEE 
International Conference on Consumer Electronics, 
pp. 140-141, 1986 and the above-mentioned prior 
art (A). 

Next, explanation will be made of manual focus 
adjustment A voltage outputled from a sfider termi- 
nal of the variable resistor 5 for manual focus 
adjustment is inputted to the differential voltage 
detecting circuit 6 which includes sample hold cir- 
cuits 50 and 51 and a sutatracting circuit 52. The 
voltage Vm outputted from the slider terminal of the 
variable resistor 5 is supplied to the sample hold 
circuit 50 and this voltage Vm is held at an output 
tenninal of the sample hold circuit 50. After the 
lapse of a predetermined interval or period of time, 
a voltage VjJ, on the slider terminal of the variable 
resistor 5 is inputted to the sample hold circuit 50. 
Then, the voltage Vm is held at an output temnlnal 
of the sample hold circuit 51 while the voltage Vj^ 
is held at the output terminal of the sample hold 
circuit 50. TTie voltages Vm and V|^ are sul> 
tracted from each other by the subtracting* dmuit 
52 which in tum produces' a differential voltage 
(^M * ^"^ representative of a change of the 
output voltage of the slider terminal of ttie variable 
resistor 5 detected at the predetermined interval of 
time. The differential voltage is inputted to the 
motor controlling circuit 8 through the 
automatic/manual change-over circuit 7. 

The motor controlling circuit 8 supplies a motor 
control signal for the focusing motor 10 to the 
motor driving circuit 9 which in tum controls the 
driving of the focusing motor 10. The motor control 
signal con-esponds to or is conformable to the 
plus/minus sign and absolute value of the differen- 
tial voltage (V,[|, - Vm). The motor control signal 
causes the focusing motor 10 to rotate, for exam- 
ple, in a positive or forward direction in the case of 
(V(J| • Vm) > 0, to rotate, for example, in a nega- 
tive or reverse direction in the case of (y{^ - Vm) 
< 0 and to stop in the case of (V^ - Vm) = 0 and 
causes tiie focusing lens 1 1 to move by a distance 
corresponding to the absolute value jV^ > - Vm|. It 
is experimentally preferable that ttie atx)ve-men- 
tioned predetennined interval of time is selected to 
be not longer than the order of the period of a 
vertical synchronizing signal of a video signal, tak- 
ing a time lag from tiie manipulation of the variable 
resistor for manual focus adjustment to tiie rota- 



tional movement of the focusing motor Into consid- 
eration. 

According to the atx)ve-mentioned embodi- 
ment, ttie movement and stoppage of the focusing 

5 lens can be made in accordance with the direction 
and amount of rotational movement of the variable 
resistor for manual focus adjustment. Therefore, 
focusing with high precision can be realized even 
in the case of power focusing. Further, since tiie 

10 rotational movement of tiie variable resistor is only 
required, ttie apparatus is easy to deal with. 

Rg. 5 is a block diagram showing a second 
embodiment of the present invention. Since com- 
ponents indicated in Rg. 5 by the same reference 

IS numerals or symt>ols as tiie components in the 
embodiment shown in Rg. 4 have ttie same func- 
tions and effects as ttie components of Rg. 4, 
explanation thereof will be omitted. 

The embodiment of Rg. 5 differs from the 

20 embodiment of Rg. 4 in tiiat signals outputted from 
a variable resistor 5 for manual focus adjustment 
and an automatic focusing circuit 4 are converted 
by an A/D converter circuit 12 into digital signals 
for digital signal processing. 

25 A voltage Vm outputted from ttie variable resis- 
tor 5 for manual focus adjustment is converted by 
tiie A/D converter 12 into a digital voltage signal 
Vmd which in tum is stored into a memory 13. After 
the lapse of a predetemnined interval of time, the 

30 signal Vmo having been stored in the memory 13 is 
stored into a memory 14 while a new voltage VjJi 
outputted from the variable resistor 5 for manual 
focus adjustment is converted by the A/D converter 
12 into a digital voltage signal Vf^Q which in 

35 tum is stored into ttie memory 13, The digital 
voltage signals Vmo 3n6 V^q are subtracted 
from each other in a subtracting circuit 15 to detect 
or produce a digitalized differential voltage 

(y{AD -Vmd). 

40 The differential voltage (V^q ; Vmd) is in- 
putted to a motor controlling circuit 8 tiirouph an 
automatic/manual (A/M) change-over circuit 7 . Like 
tiie embodiment shown in Rg. 4, ttie motor control- 
ling circuit Q supplies, to a motor driving circuit 9 

45 for cortrol of the focusing motor 10. a motor con- 
trol signal which causes the focusing motor 10 to 
rotate in a positive or forward direction in ttie case 
of (Vmd "Vmo) > 0, to rotate in a negative or 
reverse direction in ttie case of (Vj^^d - Vmd) < 0 

50 and to stop in ttie case of (VjJjq - Vmo) = 0 
while moving a focusing lens 11 by a distance 
corresponding to ttie absolute value - [V^p 
Vmo| of the differential voltage. 

As is apparent from the foregoing explanation. 

55 ttie memories 13 and 14 and ttie subtracting circuit 
15 have tiie substantially same functions as the 
sample hold circuits 50 and 51 and tiie subtracting 
circuit 52 in the differential voltage detecting circuit 
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6 shown in Fig. 4. respectively and the 
autonf)atic manual change-over circuit /' and the 
motor controlling circuit Q have the sut)stantiaily 
same functions as the circuits 7 and 8 in Rg. 4, 
respectively. Therefore, a function as a manual 
focus adjustment system is the same as that in the 
emtxxliment of fig. 4. However, the embodiment 
shown in Hg. 5 has a merit that the 'apparatus 
requires no addition of any special circuit and can 
be simply and easily contructed as a focus adjust- 
ment system including an automatic focusing func- 
tion since a digital processing part indicated by a 
box 16 in Rg. 5 can be simply realized by a 
microcomputer. 

Rg. 6 is a block diagram showing a third 
embodiment of the present invention. Components 
designated in Rg. 6 by the same reference nu- 
merals or symbols as the components in the em- 
twdiments shown in Rgs. 4 and 5 have the same 
functions and effects as the components of Rgs. 4 
and 5 and hence any detailed explanation thereof 
will be omitted. 

The embodiment shown In Rg. 6 is different 
from the embodiments of Rgs. 4 and 5 in that an 
endless variable resistor having a slider which is 
freely or universally rotatable is used as a manual 
focus adjustment means so that a differential volt- 
age corresponding to not the position of the slider 
of the endless variable resistor but the direction 
and amount of movement of the slider can t>e 
detected. 

The quantity of a change in a voltage outputted 
from the slider of the endless variable resistor will 
first be explained by virtue of Rg. 7. 

Rg. 7 is a characteristic view showing an ex- 
ample of the characteristic of an output voltage of a 
slider of an endless variable resistor 26 of Rg. 6 
with respect to the angle of rotation of the endless 
variable resistor. Provided that the endless variable 
resistor 26 shown in Rg. 6 is rotated by an angle 
from r- to rz indicated by P in Rg. 7. the output 
voltage of the slider of the endless variable resistor 
26 changes from Vm to V,J| and the absolute - 
value of a differential voltage corresponding to the 
quantity of the voltage change assumes |V^ - Vm| 
= a. 

On the other hand, when the endless variable 
resistor 26 is rotated by an angle from ra to r* 
indicated by P in Rg. 7, the absolute value of a 
differential voltage corresponding to the quantity of 
a change in tiie output voltage of the slider as- 
sumes [V^i - VmiI = b, notwithstanding tfiat 
the rotation angle P from ra to r* is the same as 
Uie rotation angle P from ri to r2. Namely, the 
mere subtraction does not provide a conrect dif- 
ferential voltage for ttie output voltage of the slider 
which is linear for or proportional to the rotation 
angle of the endless variable resistor. However, a 



differential voltage a proportional to the rotation 
angle P can be represented by a = (Vh - Vl - b) 
wherein Vh and Vl are tiie maximum and minimum 
values of the output voltage of ttie slider of- tiie 
5 endless variable resistor. Namely, a desired dif- 
ferential voltage a can be calculated on the basis of 
b. 

" Also, if the maximum angle by which tiie end- 
less variable resistor can rotate within a predeter- 

10 mined interval of time or a predetemiined sampling 
period is not larger tiian 180* , the relations of b ^ - 
(Vh - Vl)/2 and a ^ (Vh - Vu)/2 are satisfied. In other 
words, a mode of change from r^ to r2 and a mode 
of change from r3 to r* can be discriminately 

15 detected. Thus, as a correct differential voltage for 
a change in tiie output voltage of tiie slider of the 
endless variable resistor should be selected - 
Vm) when tiie absolute value |Vjn - Vm| of tfie 
differential voltage for tiie abovementioned change 

20 is equal to or smaller than (Vh - Vt>2 and (Vh - VJ 
- (Vflii - Vm) when |V,^ - Vm| is larger ttian (Vh - 
VtVa. 

The above explanation has been made for tiie 
case where ttie output voltage of the slider is 

25 increased or tiie case where tiie differential voltage 
(V^ - Vm) for tiie quantity of change in the slider 
output voltage is larger than 0, On tiie other hand, 
in the case where the slider output voltage is 
decreased or tiie case where (VJ^ - Vm) is smaller 

30 tiian 0. (Vh - VJ - (V^j - Vm) becomes equal to 2a 
+ b. Accordingly, when {V|l| - Vm) is smaller than 
0. (Vl - Vh) - (V|J| - Vm) should be selected as a 
correct differential voltage for a change in the out- 
put voltage of ttie slider of ttie endless variable 

35 resistor. 

In summary, a differential voltage conformable 
to ttie angle and direction of rotation of tiie endless 
variable resistor can be detected by taking, as a 
differential voltage for ttie output voltage of the 

40 slider of tiie endless variable resistor. (V|i^ - Vm) 
in ttie case of |V,^ - V„| £ (Vh - VLy2. (V„ - Vl) - 
(V ^ - Vm) in ttie case of |Vi^ - Vm| > (Vh - Vl)/2 
and (V^ - V„) > 0. and (Vl - Vh) - (V^, - Vm) in 
ttie case of |V,J, - VM| > (Vh - Vl>2 and Q/^ - 

45 Vm) < 0 

As has already been mentioned, Rg. 6 shows 
ttie embodiment which can detect a differential 
voltage for the output voltage of ttie slider of the 
endless variable resistor conformable to the angle 

50 and direction of rotation of ttie endless variable 
resistor. In Rg. 6, reference numeral 26 designates 
an endless variable resistor for manual focus ad- 
justment having a slider which is freely or univer- 
sally rotatable. numeral 27 a power source for 

55 application of voltage to ttie endless variable resis- 
tor 26. and numeral 23 a differential voltage pro- 
ducing circuit 

Like tiie embodiment shown in Rg. 5, a voltage 
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outputted from the slider of the endless variable 
resistor 26 is A/D converted by an A/D converter 
12 and is stored into memories 13 and 14 as 
voltages Vmd and V^Jjq detected at a predeter- 
mined Interval of time. The maximum and mini- 
mum values Vh and Vj. of a voltage applied from 
the power source 27 to the endless variable resis- 
tor 26 are stored into memories 24 and 25 after 
A/D conversion thereof by the A/D converter 12 
and are then inputted as digital voltages Vhd and 
Vld to the differential voltage producing circuit 23. 

The differential voltage producing circuit 23 
includes a subtracting circuit 55, an operating cir- 
cuit 56, a plus/minus detecting circuit 57, an at)- 
solute value detecting circuit 58, and switching 
circuits 59 and 60. In the differential voltage pro- 
ducing drcuit 23. a drfferentiai voltage (VjJq 
Vmd) produced by the subtracting circuit 55 is 
inputted to the plus/minus detecting circuit 57, the 
absolute value detecting circuit 58 arKi the switch- 
ing 60 while either one of voltages (Vho - Vld) - 
(V^D - V„o) and {Vu> - Vhd) -(Vmd " Vmd) 
produced by the operating circuit 56 is selected 
through the switching circuit 59 and is then sup- 
plied to the switching circuit 60. 

A control signal conformable to the- plus/minus 
sign (positiveness/negativeness) of thfe differential 
voltage (ViJid - Vmd) is produced at an output 
terminal of the plus/minus detecting circuit 57 and 
this control signal controls a change-over operation 
of the switching circuit 59. A control signal con- 
fonnable to the results of comparison of the ab- 
solute value |V^o " Vmd| of the differential volt- 
age with (Vho - Vlo)/2 is produced at an output 
terminal of the at>solute value detecting circuit 58 
and this control signal controls a change-over op- 
eration of the switching circuit 60. As a result, from 
an output temiinal of the switching circuit 60 is 
delivered a differential voltag© signal which is 
(Vr^D - VfcMj) in the case of |V^d - V^J ^ - 
(Vho - Vu))/2. (Vho - Vu,) - (Vmd - Vmd) in the 
case of IV^D - Vmo| > (Vhd - ^vaV^ and 
(Vmd - V„o) > 0. and (Vlo - Vho) "(Vmd ■ 
Vmo) in the case of ' ^"o > (Vho - Vld)/2 

and (Vj^lD " Vwo) ^ °' ^ '® 

conformable to the amount and direction of move- 
ment of the slider of the endless variable resistor 
26. 

By applying the drfferentiai signal to a motor 
controlling circuit 8' through an automatic/manual 
change-over circuit 7* to drive a focusing motor 10 
in a manner similar to that explained in conjunction 
with the embodiment shown in Rg. 5, it is possible 
to move a focusing lens 1 1 in accordance with the 
amount and direction of movement of the slider of 
the endless variable resistor 26. 

According to the present emlxidiment men- 
tioned above, focusing with high precision can be 



attained, like the embodiments shown in Rgs. 4 
and 5. Further, since the lens is moved in accor- 
dance with the amount of movement of the slider of 
the variable resistor, the atx>ve embodiments have 

5 a merit that there can be eliminated a lens jump 
phenomenon upon change-over from an automatic 
operation to a manual operation which phenom- 
enon may otherwise take place in the case where a 
control is performed so as to make the position of 

70 the slider of the variable resistor and the position of 
tiie lens coincident witfi each other. 

A digital circuit portion enclosed by dotted line 
in Rg. 6 Is shown with a hard ware construction but 
a function thereof can be realized by soft ware by 

IS using a microcomputer.' 

Rg. 8 shows a whole construction in ttie case 
where a microcomputer 35 is used. The operation 
of the microcomputer 35 is- shown by a flow chart 
of Rg. 9. The operation of the microcomputer 35 

20 will be readily understood by referring to Rg. 9 
since tiie procedure of operation illustrated in Rg. 

9 is quite the same as tiie operation which has 
been explained in conjunction with Rgs. 6 and 7. 
Therefore, any explanation of Rgs. 8 and 9 will be 

25 omitted. 

Rg. 10 is a block diagram showing a fourth 
embodiment of tiie present invention. Since com- 
ponents designated in Rg. 10 by the same refer- 
ence numerals or symtx)ls as the components in 

30 tifie embodiments shown in Rgs. 4, 5 and 6 have 
the same functions and effects as the components 
of Rgs. 4, 5 and 6, explanation thereof will bo 
omitted. 

The embodiment shown in Rg. 10 differs from 
35 the emtwxiiments of Rgs. 4, 5 and 6 in tiiat a 
manual focus adjustment means is constructed by 
use of a rotary encoder. Referring to Rg. 10, refer- 
ence numeral 28 designates a differential voltage 
producing circuit, numeral 29 a pulse counting cir- 
40 cult, numeral 30 a direction detecting circuit nu- 
merals 31 and 32 waveform shaping circuits, and 
numeral 33 a rotary encoder. 

The operation of the emtwxliment shown in Rg. 

10 will now be explained in reference witii 
45 waveforms shown in Rgs. 1 1 A and 1 1 B. 

The rotary encoder 33 is constructed to output 
signals different in phase from each other by a 
quarter (1/4) period. The output signals of the ro- 
tary encoder 33 are shaped by ttie waveform shap- 

50 ing circuits 31 and 32 which in turn provide, at their 
output terminals. A and B, pulse signals as shown 
in Rgs. 11A and 11B. The phase of tiie pulse 
signal on the output terminal A of ttie waveform 
shaping circuit 31 is delayed from tfiat of the pulse 

55 signal on tiie output terminal B of the waveform 
shaping circuit 32 by a quarter period when tiie 
rotary encoder 33 is rotated, for example, in a 
positive (forward) or clockwise direction (or a direc- 
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tion indicated by arrow CW) and is in advance of 
that of the pulse signal on the output terminal B of 
the waveform shaping circuit 32 by a quarter pe- 
riod when the rotary encoder 33 Is rotated in a 
negative (reverse) or counter clockwise direction 
(or a direction indicated by arrow CCW). The num- 
ber of pulses in the pulse signal corresponds to the 
amount of rotation of the rotary encoder 33. 

The pulse counting circuit 29 counts the num- 
ber of pulses outputted from the waveform shaping 
circuit 31 within a predetermined interval or period 
of time. The direction detecting circuit 30 deter- 
mines a level of the pulse signal on the output 
terminal B of the waveform shaping circuit 32 by 
virtue of the pulse signal on the output tenminal A 
on the waveform shaping circuit 31 (for example, 
by the rise of the pulse signal) to detect the. rota- 
tion of the rotary encoder 33 as forward rotation 
when the !evel of the pulse signal on the output 
terminal B is high ("1") and as reverse rotation 
when it is low {"0"). 

The differential voltage producing circuit 28 
produces a differential voltage on the basis of the 
results of pulse counting by the pulse counting 
circuit 29 and the results of direction detection by 
the derection detecting circuit 30 in order to control 
a focusing motor 10, like tiie embodiments shown 
in Figs. 4, 5 and 6, so tiiat a focusing lens 1 1 is 
moved in accordance with the differential voltage 
such as (V^o * Vmd) in the embodiment shown 
in Rg. 5- 

According to the present embodiment men- 
tioned above, focusing with high precision can be 
performed wth no inconvenience produced even 
upon change-over from automatic focusing to man- 
ual focusing, like tfie embodiment shown in Fig. 6. 

Generally, the object lens 17 in ttie lens sys- 
tem shown in Rg. 2 is used as the focusing lens 1 1 
to be rotationally moved in the present invention- 
It is of course that the compensator lens group 
19 (or a part thereof) or the imaging or master lens 
group 21 (or a part tfiereof) in the lens system 
shown in Fig. 2 can be used as the focusing lens 
11. Attematively, the sensor or image pickup ele- 
ment 22 may t)e moved for focus adjustment 

In the case where tiie compensator lens or 
imaging lens having a light weight Is used as the 
focusing lens, a pulse motor having a small size 
and a small inertia can be used so that the influ- 
ence of inertia or the like can be reduced. Since 
the amount of rotation of the pulse motor cor- 
responds to the numtier of drive pulses applied 
ttiereto. the setting of the amount of movement of 
the lens can be easily made and the motor control- 
ling circuit can be realized with a simple circuit 
construction. Further, since the position of tiie ot>- 
lect tens is fixed, it is possible to design a small- 
sized and compact lens. 



Fig. 12 is a block diagram showing another 
embodiment of the present invention. Rg. 13 is a 
view showing an example of the construction of an 
endless variable resistor as a manual focus adjust- 
5 ment means used in the embodiment shown in Rg. 

12, and Rg. 14 is a characteristic view showing the 
change of a resistance value of tiie endless vari- 
able resistor of Rg. 13 witii respect to ttie angle of 
rotation thereof. 

to The manual focus adjustment means will first 
be explained by virtue of Rgs. 13 and 14. 

In Rg. 13, reference numerals 66 and 68 des- 
ignate resistor elements each of which is config- 
ured into a circular are shape, and numerals 67 

75 and 69 designate sliders. The sliders 67 and 69 
freely or universally rotate interlocking with each 
other while contacting tiie resistor elements 66 and 
67 respectively. The sliders 67 and 69 have a 
positional relation different in phase from each oth- 

20 er by a predetenmined angle, for example, 180*. 
When a voltage is applied between terminals c and 
d of tiie variable resistor shown in Rg. 13. output 
voltages on temninals a and b exhibit such changes 
witfi respect to tiie rotation angles of tiie sliders 67 

26 and 69 as shown in Rg. 14. Namely, a voltage 
corresponding to not tiie position of rotation but the 
direction and amount of rotation can be detected 
from at least one of ttie sliders 67 and 69. 

Rg. 12 shows in block diagram an example of 

30 a power focusing device in which tiie variable re- 
sistor shown in Rg. 13 is used as a manual focus 
adjustment means. Components designated in Rg. 
12 by the same reference numerals as the compo- 
nents shown in Rg. 6 have the same functions as 

36 the components of Rg. 6 and hence any further 
explanation thereof will be omitted. In Rg. 12, refer- 
ence numeral 26 designates an endless variable 
resistor for manual focus adjustment shown in Rg. 

13. numerals 70 to 75 memories, numerals 77 and 
40 78 subtracting circuits, numeral 79 a differential 

voltage controlling circuit numeral 80 a switching 
circuit and numeral 82 an automatic/manual 
change-over temiinal. In response to ttie applica- 
tion of a control signal to tiie automatic/manual 

45 change-over tenminal 82. an automatic^manual 
change-over circuit 7 operates to selectively de- 
liver a signal outputted from an automatic focusing 
circuit 4 tiirough an A/D converter 12 and a signal 
outputted from tiie switching circuit 80. 

50 The following explanation will be made defining 
an output voltage from ttie terminal a of the end- 
less variable resistor 26 for manual locus adjust- 
ment as Va, an output voltage from the terminal b 
as Vb, a voltage on ttie temninal c as Vl and a 

55 voltage on tiie terminal d as Vh. 

The voltages Va and Vb outputted from ttie 
sliders of ttie endless variable resistor 26 are con- 
verted by ttie A/D converter 12 into digital voltage 
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signals (hereinafter refenred to as Vgo and Vbo, 
respectlveiy) and are stored into the memories 70 
and 72. After the lapse of a predetermined interval 
of time, and Vbo having been stored in the 
memories 70 and 72 are respectively transfenred to 
the memories 71 and 73 and new voltages VJq 
and V^D ^ stored into the memories 70 and 
72. V'o and V^q are the digital forms of 
voltages Vao and V Jjq outputted from the endless 
variable resistor 26 after the lapse of the predeter- 
mined interval of time and digitalized by the A/D 
converter \Z The voltages V^p and Vgo stored 
In the memories 70 and 71 are subtracted from 
each other by the subtracting circuit 77 which in 
turn produces a differential voltage (V^q 
v;o )• The voltages VJq and Vbo stored in 
the memories 72 and 73 are subtracted from each 
other by the subtracting circuit 78 which in turn 
produces a differential voltage (V^q - Vbo). 
Each of those differential voltages is inputted to the 
differential voltage controlling circuit 79 and the 
switching circuit 80. 

The endless variable resistor 26 for manual 
focus adjustment has an open area where the 
slider does not exist on the resistor element, as is 
shown in Fig. 14. In the open area, the slider output 
voltage is unstable. A resistor 84 or BS is provided 
for fixing the terminal voltage into a predetermined 
value. If the value of each of the resistors 84 and 
85 is selected to be sufficiently larger than the 
value of the resistor element of the endless vari- 
able resistor 26 and to be sufficiently smaller than 
an input resistance of the A/D converter 12. the 
output voltage of the slider in the open area be- 
comes substantially equal to the voltage Vl on the 
tenninal c. Accordingly, it is possible to detect the 
open area by comparing the output voltage from 
the slider with Vt. Thus, voltages Vl and Vh of 
opposite ends of a power source 27 for application 
of a voltage to the endless variable resistor 26 are 
stored into the memories 74 and 75 after A/0 
conversion thereof by the A/D converter 12 and are 
supplied as voltages Vld and Vhd to the differential 
voltage controlling circuit 79. Also, voltages 
VaO . Vao. Vbo' and Vbo stored in the memories 
70, 71. 72 and 73 are supplied to the differential 
voltage controlling circuit 79. The differential volt- 
age controlling circuit 79 compares the voltages 
• ^aD' VbO and Vbo from the memories 
70 to 73 with the voltage Vu, from the memory 74 
to supply a control signal to the switching circuit 80 
so that the switehing circuit 80 delivers (V^d 
Vbo) when either one of both of V^^y and Vao is 
equal to Vld and (VgO' ' ^ao) when either one or 
both of V^Q and Vuo is equal to Vld- In this 
manner, the differential voltage controlling circuit 
79 detects the open area and supplies to the 
switching circuit 80 the control signal which selects 



the differential voltage (V^ q - Vao) derived from 
the terminal a of the endless variable resistor 26 or 
tiie differential voltage (V(,q - Vbo) derived from 
the terminal b thereof. 

5 For example, in the case where the sliders 67 
and 79 rotates from s to t in Fig. 14 witiiin a 
predetermined interval of tirne (or a sampling pe- 
riod), each of tiie output voltages of the two sliders 
67 and 69 encounters its open area. In such a 

10 case, tiierefore. it is not possible to detect a normal 
or correct differential voltage. However, if the pre- 
determined interval of time or sampling period is 
selected such that the slider does not rotate over 
an angle range larger than 120* within one sam- 

/5 pling period, for example, when the open area has 
a spant of 60* . there is satisfied a condition that at 
least one of the two sliders does not enter its open 
area, thereby making it possible to detect a normal 
differential voltage. It has teen experimentally 

20 found that such a condition can be satisfied by 
setting the predetermined inten/al of time or sam- 
pling period to be not larger than tiie order of the 
period of a vertical synchronizing signal of a video 
signal. 

25 In tiie case where ttie sliders rotate, for exam- 
ple, from p to q or from q to r in Fig. 14, during the 
predetemriTned'interval of time, any open area is 
not detected from at least one of tiie output vol- 
tages of the two sliders. In such a case, the ab- 

30 solute values |V;q - Vaoi and |V£d - Vbo| of 
the differential voltages produced from tiie two 
slider output voltages are compared with each oth- 
er, and the control signal to be supplied to the 
switching circuit 80 is one which causes tfie switch- 
as ing circuit 80 to selectively output either (V40 

Vao) or (V^o - Vbo) in.the case |V;o - Vad 
= IVJd - Vbol which means tiiat none of the 
two differential voltages encounter ttieir open areas. 
(V'wj - Vbo) in ttie case of |V^d - ^ad > 

40 |V{,D - Vbd. and (V* D - Vao) in the case of 
|Vio - Vaol < IV^D - Vbo|. The differential 
voltage thus selected and outputted is supplied to 
a motor controlling circuit 8 through the 
automatic/manual change-over circuit 7 . The motor 

45 controlling circuit 8 supplies a control signal to a 
motor driving circuit 9 for driving of a focusing 
motor 10 which control signal causes a focusing 
lens 11 to move in a direction con-esponding to tfie 
plus/minus sign (positiveness/negativeness) of tiie 

50 differential voltage and by a distance correspond- 
ing to ttie absolute value of ttie differential voltage. 

According to the present embodiment since 
ttie direction and amount of rotational movement of 
ttie variable resistor can be detected irrespective of 

55 the position of rotational movement of ttie variable 
resistor, it is possible to take tiie focus smoottily 
and witii high precision. If a digital processing 
portion 100 enclosed by dotted chain line in Rg. 12 
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is realized with soft ware by use of a microcom- 
puter 35 as shown in Fig. 15. it will be easily 
understood that the microcomputer 35 assumes an 
operation as shown in Rg. 16. In that case, the 
addition of any special circuit is not required and 
the apparatus can be simply and easily constructed 
as a focus adjustment system including an auto- 
matic focusing function. 

In a zoom lens for a video camera or the like, it 
is necessary to divide the whole movement range 
of a focusing lens into 300 to 500 parts, though the 
desired number of divisional parts depends on a 
tolerable resolution for stop position, a zoom ratio 
and/or a possible in-focus range. Now provided that 
in the embodiment shown in Rg, 12 the resolution 
of ttie A/D converter 12 is 8 bits (conresp)onding to 
the division into 256 parts) and the open area of 
the endless variable resistor 26 for manual focus 
adjustment spans 60 * , a continuously variable re- 
sistance area of the variable resistor 26 over 300* 
(360* - 60" ) is divided into 256 parts. Accordingly, 
the endless variable resistor 26 must be rotationally 
moved over about 350* - 590' in order to divide 
the whole movement range of the focusing lens 
from its near e)rtreme to the extreme of <» into 300 
- 500 parts. If the size of a knob attached to a 
rotation shaft of ttie endless variable resistor is 
made small, such a rotational angle does not pro- 
vide any inconvenience since it is one over which 
tt^e variable resistor can be rotationally moved witti 
no need of re-gripping the knob. However, in the 
case where tiie knob cannot be made small, for 
example, from the point of view on design as an 
article, the movement of the focusing lens from its 
near extreme to the exti^me of <» requires tfi© 
rotational movement of ttie endless variable resistor 
which includes regripping the knob two or three 
times, tiiereby deteriorating tiie workability. Though 
tine deterioration of the workability can be pre- 
vented by enhancing the resolution of ttie A/D 
converter, the cost of tiie resultant apparatus be- 
comes high. 

Rg. 17 shows anotiier example of the constiijc- 
tion of an endless variable resistor for manual focus 
adjustment and Rg. 18 is a characteristic view 
showing tiie change of a resistance value of the 
variable resistor shown in Rg. 17 with respect to 
the angle of rotation ttiereof. Terminals a to d of 
the variable resistor shown in Rg. 17 corr^pond to 
the terminals a to d of ttie variable resistor shown 
in Rg. 13. and a" system as a power focusing 
device can be constiiicted without any change in 
circuit operation by merely replacing the endless 
variable resistor 26 for manual focus adjustment 
shown in Rg. 12 by the variable resistor shown in 
Rg. 17. Therefore, any detailed explanation of ttie 
power focusing device will be omitted. 

In Rg. 17. reference numerals 90 and 91 des- 



ignate concylic resistor elements each configured 
into a circular are shape, numeral 93 and 94 con- 
cyclic resistor elements each configured into a 
circular are shape, and numerals 92 and 95 sliders 

5 which can freely or universally rotate while contact- 
ing ttie resistor elements 90, 91 and 93. 94. The 
sliders 92 and 95 rotationally move interiocking 
with each other in a positional relation different in 
phase from each other by a predetennnined angle. 

10 for example, 90*. When tiie sliders are rotated 
while applying a voltage between the tenminais c 
and d. output voltages of the tenminais a and b 
exhibit such changes with respect to ttie'rotation 
angle as shown in Rg. 18. Namely, in ttie case 

75 where ttie sliders are rotated over 360* . each of 
the terminals a and b of the variable resistor shown 
in Rg- 17 changes twice from ttie minimum (MIN) 
voltage to the maximum (MAX) voltage though 
each of ttie terminals a and b of tiie variable 

20 resistor shown in Rg. 13 changes once from tiie 
MIN voltage to tiie MAX voltage. In ttie present 
embodiment, ttierefore, when ttie open area of ttie 
variable resistor spans 60*. the resolution of the 
A/D converter is 8 bits and ttie whole movement 

25 range of the focusing lens is divided into 500 parts, 
ttie movement of ttie focusing lens from its near 
extreme to the extreme of «» can be effected by 
merely making tiie variable resistor rotationally 
move over atxjut 240* since a resistance area of 

30 ttie variable resistor over 120* can be divided into 
256 parts. In the present embodiment, in the case 
where both ttie outputs of ttie terminals a and b of 
the sliders of the variable resistor encounter ttieir 
open areas, for example, in tiie case where the 

35 sliders move from u to v in Rg. 18. it is not 
possible to correctiy" detect a differential voltage 
conformable to tfie angle of rotation, as has tjeen 
pointed out in conjunction with the embodiment 
shown in Rgs. 12 to 14. Therefore, for example. 

40 provided ttiat ttie open area spans 60* , it is proper 
to set the predetermined interval of time or sam- 
pling period such tfiat ttie sliders do not rotate over 
an angle range larger than 30* wiUiin one sampling 
period since ttie effective angle is 120* and ttie 

45 angle between ttie sliders is 90* . 

As has been mentioned atxjve, according to 
ttie present embodiment, a power focusing device 
capable of moving the focusing lens from its near 
exti'eme to the exb-eme of «» even for a small 

50 rotation angle of ttie sliders of ttie variable resistor 
can bo realized at a low cost without any need of 
enhancing ttie resolution of the A/D converter but 
by merely using ttie variable resistor shown in Rg. 
17. 

55 In ttie embodiments shown in Rgs. 13 and 17. 
tiie endless variable resistor has been explained as 
a manual focus adjustment means. However, ttie 
endless variable resistor is not limited to the struc- 
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tures shown in Rgs. 13 and 17 so long as it has a 
structure by which the direction and amount of 
rotational movement are detectable over the whole 
rotation range of 360* . For example, there may be 
employed a structure as shown in Rg. 19 In which 
interlocking sliders 97 and 98 disposed at positions 
different from each other by a predetermined an- 
gle, for example, 180* are rotationally moved while 
contacting a resistor element 99 configured into a 
circular arc shape or a structure as shown In Rg. 
20 in which interlocking sliders 104 and 105 dis- 
posed at positions different from each other by a 
predetermined angle, for example, 90* are 
rotationally moved while contacting concyclic resis- 
tor elements 102 and 103 each of which is config- 
ured into a circular arc shape. The number of 
resistor elements and the number of sliders may 
be arbitrary so long as an endless variable resistor 
as a manual focus adjustment means can t>e con- 
structed so as to allow the detection of the direc- 
tion and amount of rotational movement over the 
whole angle range of 360* . 

Fig. 21 shows In block diagram a further em- 
bodiment of the present invention. Since compo- 
nents indicated in Rg. 21 by the same reference 
numerals or symbols as the components shown in 
Rg. 12 have the same functions and effects as the 
components of Rg. 12. explanation thereof will be 
omitted. The present embodiment differs from the 
embodiment of Rg. 12 in that a differential voltage 
level detecting circuit 106 and a gain controlling 
circuit 107 are provided to control the amount of 
movement of a focusing lens 11 in accordance with 
the speed of rotational movement of an endless 
variable resistor 26 for manual focus adjustment A 
method of producing a differential voltage conform- 
able to the direction and amount of rotational 
movement of the endless variable resistor for man- 
ual focus adjustment is similar to the embodiment 
shown in Rg. 12 or either one of differential vol- 
tages (VaD - Vao) and (VbD - Vbo) is se- 
lected at the output of a switching circuit 80. For 
convenience of explanation, the differential voltage 
selectively outputted from the switching circuit 80 
will be hereinafter defined as (V^ - Vp). The 
differential voftage (Vj - Vd) is supplied to the 
differential voltage level detecting circuit 106 and 
the gain controlling circuit 107. In the differential 
voltage level detecting circuit 106. the absolute 
value of the differential voltage (V£, - Vq) is com- 
pared with a predetermined level Vth, and signals 
of, for example, "L" and "H" are supplied to the 
gain controlling circuit 107 in the cases of (Vq - 
Vol < Vth and |Vd - VD| S Vth. respectively. The 
gain controlling circuit 107 controls the gain in 
response to the "L" or "H" signal. For example, 
the gain controlling circuit 107 gives once gain to 
output (Vo - Vo) as it is when the "L" signal is 



supplied and doubles the gain to output 2(Vd - 
Vd) when the "H" signal is supplied. The gain- 
controlled differential voltage is supplied to a motor 
controlling circuit s' through an automatic/manual 

5 change-over circuit 7. The motor controlling circuit 
8', a motor driving circuit 9, a focusing motor 10 
and the focusing lens 1 1 have functions similar to 
those of equivalent components in the embodiment 
shown in Rg. 12 and the focusing lens 11 is moved 

10 in accordance with the plus/minus sign and ab- 
solute value of the gain-controlled differential volt- 
age. 

As has been mentioned above, according to 
the present embodiment, the amount of movement 

15 of the focusing lens can be controlled in accor- 
dance with the speed of rotational movement of the 
endless variable resistor for manual focus adjust- 
ment. The foregoing explanation has been made in 
conjunction with an example in which the speed of 

20 rotational movement of the endless variable resistor 
for manual focus adjustment is divided into two 
levels in such a manner that the speed of move- 
ment of tfie focusing lens is doubled when the 
rotational movement speed is fast However, it is of 

25 course that tiie rotational movement speed may be 
divided into a plurality of desired levels so as to 
move tiie focusing lens at desired speeds. 

Also, the endless variable resistor 26 for man- 
ual focus adjustment used in the present emttodl- 

3o ment may be one shown in Rg. 13 or one shown in 
Rg. 17, and it is possible to use the variable 
resistors property in accordance with tiie number of 
divisional parts of the whole movement range of 
ttie focusing lens or in accordance witii different 

3S types of apparatuses. 

According to the above-mentioned embodiment 
in which a plurality of levels are provided for ttie 
rotational movement speed of tfie variable resistor 
or tiie movement speed of the focusing lens, it is 

40 possible to move ttie focusing lens over tiie whole 
movement range, for example, from its near ex- 
treme to the extreme of », even for a small rotation 
angle of ttie sliders of tiie variable resistor with no 
need of enhancing the resolution of tiie A/D con- 

45 verier while keeping in-focus precision. Also, if a 
digital processing portion 100 enclosed in Rg. 21 
by dotted chain line is constructed by a microcom- 
puter, tiie apparatus can be simply and easily 
constructed as a focus adjustment system includ- 

50 ing an automatic focusing function. 

In ttie embodiments shown in Rgs. 12 and 21, 
no limited explanation is made of tiie focusing lens 
11 . It is of course tiiat tiie object lens group 17, tfie 
compensator lens group 19 (or a part tiiereof) or 
55 tiie master lens group 21 (or a part thereof) in tiie 
lens system shown in Rg. 1 may be used as tiie 
focusing lens 11. Alternatively, ttie image pickup 
element 22 may be moved to take ttie focus. In ttie 
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case where the compensator lens or master lens 
having a light weight Is used as the focusing lens, 
a motor having a small size and a small inertia can 
be used so that the influence of inertia or the like 
can be reduced. If a motor such as a step motor 
capable of being pulse-driven, the setting of the 
movement amount of the focusing lens can be 
facilitated. 

In a general video camera, a focus ring for lens 
Is subjected to directly hand-worked rotational 
movement operation. Therefore, focus adjustment 
can be rapidly and with good precision. However, 
for a macro imaging region nearer than a usual 
imaging region (oo - 1 m), focus adjustment must 
be made through operation of a zoom ring, thereby 
making the woricability poor. On the other hand, in 
the conventional power focusing system in which 
focus adjustment over a range from the macro 
imaging region to the usual imaging region can be 
effected by one knob, focus adjustment is made by 
button switch operation as shown in Rg. 3. Name- 
ly, it does not employ a method in which a focus 
ring for lens is subjected to direct rotational move- 
ment Therefore, this system has a feeling in op- 
eration different from the movement operation of 
the focus ring for lens and is hard to deal with. 

Embodiments of the present invention which 
will be explained in below concern a manual focus- 
ing device in which a focus adjustment ring similar 
to a focus ring for object lens 17 Is subjected to 
direct rotational movemerrt operation to move a 
lens(es) other than the object lens 17 or the sensor 
(image pickup element) 22 to take the focus, 
whereby focus adjustment can be made through 
the same operation in feeling as the rotational 
movement operation of a focus ring for object lens 
for focus adjustment and continuously, smoothly 
and finely from the usual imaging region to the 
macro imaging region. 

Rg. 22 shows an example of the structure of 
the variable resistor 5 in Rg. 4. A resistor element 
117 and conductors 118, 119 and 200 are formed 
on a surface of a lens barret 111. Opposite ends of 
the resistor element 117 are connected to the 
conductors 119 and 120. respectively. A slider 121 
is provided on the inner surface of a focus adjust- 
ment ring 112 and two contacts of the slider 121 
are moved with the rotational movement of the 
focus adjustment ring 112 while contacting the 
resistor element 117 and the conductor 118. re- 
spectively. Therefore, when a voltage is applied 
between terminals a and b a voltage corresponding 
to the contact position of the slider 121 can be 
detected from a temninal c. A control signal is 
outputted from the differentiS voltage detecting cir- 
cuit 6 (see Rg. 4) on the basis of the detected 
voltage. 

Rg. 23 shows an example of the structure of 



the variable resistor shown in Rg. 13. Resistor 
elements 66 and 68 and conductors 138 and 139 
are fomned on a surface of a lens barrel 111, A 
slider 67 contacting the resistor element 66 and the 

5 conductor 138 and a slider 69 contacting the resis- 
tor element 68 and the conductor 139 are provided 
on the inner surface of a focus adjustment ring 
112. The principle of operation of this variable 
resistor is the same as that explained in conjunc- 

10 tion with Rg. 13. 

Rg. 24 shows an example of the rotary en- 
coder 33 shown in Rg. 10. Conductors 145. 146 
and 147 are fonmed on a surface of a lens banrel 
111. On the inner surface of a focus adjustment 

15 ring 112 are provided a slider 148 which contacts 
the conductor 145 and a rectangularly zigzagged 
portion of the conductor 147 and a slider 149 which 
contacts the conductor 146 and the rectangulariy 
zigzagged portion of the conductor 147. The princi- 

20 pie of operation of this rotary encoder Is the same 
as that explained in conjunction with Rgs. IIA and 
11B. 

Rg. 25 shows a constructive example of a 
manual focus adjustment means using a gear. In 

25 Rg. 25. reference numeral 152 designates a sup- 
porting plate, numeral 153 a gear, numeral 154 a 
variable resistor, and numeral 155 a shaft support- 
ing plate. A part of a focus adjustment ring 112 is 
provided with a gear configuration so tiiat the rota- 

30 tional movement of the focus adjustment ring 112 
is transferred to the gear 153. thereby changing an 
output of the variable resistor 154. Rg. 26 shows a 
constructive example of a manual focus adjustment 
means using a belt. The rotational movement of a 

35 focus adjustment ring 112 is transfen^ to a vari- 
able resistor 154 through a belt 158 and a belt 
wheel 157. A rotary encoder may be used in place 
of the variable resistor 54. 

The rotation angle of a manipulator for manual 

40 focus adjustment (or the focus adjustment ring 112) 
is preferably atwut 90* in order to allow focus 
adjustment for an object from a near extreme to 
the extreme of " with no need of re-gripping the 
manipulator and in order to prevent any deteriorar 

45 tion of workability for fine adjustment. 

According to the present invention, it is possi- 
ble to move a focusing lens not In accordance with 
the rotation position of a manipulator for manual 
focus adjustment but in accordance with the direc- 

50 tion and amount of rotation of ttie manipulator, and 
it is possible to move ttie focusing lens from one 
extreme of its movement range to another extreme 
tinereof even for a small rotation angle of the ma- 
nipulator. As a result, there is provided an effect 

55 that focus adjustment by power focusing can be 
made for any desired object properiy. smootiily 
and with high precision and a design of a compact 
article can be realized without any inconvenience. 
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aaims 

1. A focusing apparatus for video camera or 
the like comprising: 

an optical system (17-22) for converting an image 
of an object into an electric signal; a manipulator 
(5, 26, 33) manually operated for moving at least 
one optical element in said optical system in a 
direction of its optical axis for focus adjustment; 
detecting means (50-52, 13-15. 55, 57, 28, 30. 77- 
79) for detecting the amount and direction of ma- 
nipulation of said manipulator at a predetermined 
interval of time; and 

moving means (8-10. 8') for moving said at least 
one optical element in a direction corresponding to 
the direction of manipulation of said manipulator 
detected by said detecting means and by a dis- 
tance corresponding to the amount of manipulation 
of said manipulator detected by said detecting 
means. 

2. A focusing apparatus for video camera or 
the like according to claim 1, wherein said manipu- 
lator includes a variable resistor (5) which has a 
resistor element and a slider. 

3. A focusing apparatus for video camera or 
the like according to claim 2, wherein said detect- 
ing means includes memory means (50, 51, 13, 14) 
for sampling and storing a voltage derived from 
said slider of said variable resistor at said predeter- 
mined interval of time, subtracter means (52, 15, 
55) for producing a differential voltage representa- 
tive of a difference between the last sampled volt- 
age and the preceding sampled voltage, and 
means (52, 15) for determining the amount and 
direction of manipulation of said manipulator on the 
tresis of the results of calculation by said subtracter 
means. 

4. A focusing apparatus for video camera or 
the like according to claim 1 , wherein said manipu- 
lator Includes a rotary encoder (33). 

* 5. A focusing apparatus for video camera or 
the like according to claim 4, wherein said detect- 
ing means includes means for counting pulses 
from said rotary encoder during said predeter- 
mined interval of time to determine said amount of 
manipulation, and means (30) for detecting two 
pulse signals from said rotary encoder different in 
phase from each other to detenmine said direction 
of manipulation on the basis of a phase relation of 
the two pulse signals. 

6. A focusing apparatus for video camera or 
the like according to claim 1. wherein said manipu- 
lator is constructed so that it can be endlessly 
operated. 

7. A focusing apparatus for video camera or 
the like acconiing to claim 8, wherein said manipu- 
lator includes an endless variable resistor (26). 



8. A focusing apparatus for video camera or 
the like according to claim 7, wherein said endless 
variable resistor includes a resistor elennent which 
is configured into a circular shape and has op- 

5 posite ends applied therebetween with a predeter- 
mined voltage and a slider which contacts said 
resistor element 

9. A focusing apparatus for video camera or 
the like according to claim 8. wherein said detect- 

10 ing means detects said amount and direction of 
manipulation on the basis of a voltage detected 
from said slider. 

10. A focusing apparatus for video camera or 
the like according to claim 9, wherein said detect- 

15 ing means includes discontinuous voltage detecting 
means (58) for detecting a discontinuous change in 
the voltage detected from said slider, and modify- 
ing means (56. 60) for modifying the detection 
voltage upon detection of the discontinuous change 

20 by said discontinuous voltage detecting means into 
the quantity of voltage change resembling a volt- 
age change when the detection voltage othen^i^ise 
changes continuously. 

11. A focusing apparatus for video camera or 
25 the like according to claim 10. wherein said dis- 
continuous voltage detecting means is means (58) 
for detecting whetiier or not ttie absolute value of a 
voltage representative of a difference between two 
successive detection voltages detected at said pre- 

30 determined interval of time is larger tiian a pre- 
detemiined value. 

12. A focusing apparatos for video camera or 
the like according to claim 11, wherein said pre- 
determined inten/al of time is set so as to provide 

35 the quantity of voltage change smaller than one 
half of a difference between the maximum value 
(Vh) and minimum value (VJ of said detection 
voltage and said predetemnined value is set to be 
one half of the difference between tfie maximum 

40 value and minimum value of said detection voltage. 

13. A focusing apparatus for video camera or 
the like according to claim 10. wherein said modify- 
ing means includes means for operatively deter- 
mining a modified voltage on tiie basis of a dif- 

45 ferential voltage representative of a difference be- 
tween two successive detection voltages detected 
at said predetennined inten^al of time and a voltage 
representative of a difference between the maxi- 
mum value and minimum value of said detection 

so voltage. 

14. A focusing apparatus for video camera or 
ttie like according to claim 9, wherein said detect- 
ing means includes differential voltage producing 
means (55) for producing a differential voltage 

55 (V,i - V„) representative of a difference l^etween 
two successive detection voltages detected at said 
predetermined intense! of time. 
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15. A focusing apparatus for video camera or 
the like according to claim 14. wherein said detect- 
ing means detects the direction of manipulation of 
said manipulator on the l)asis of the plus/minus 
sign of a value of the differential voltage produced 
by said differential voltage producing means and 
detects said amount of manipulation of said ma- 
nipulator on the basis of the absolute value of said 
differential voltage. 

16. A focusing apparatus for video camera or 
the like according to claim 14. wherein said detect- 
ing means includes discontinuous voltage detecting 
means (58) for detecting whether or not the ab- 
solute value of the differential voltage produced by 
said differential voltage producing means is larger 
than a predetermined value, and means (59. 60) for 
determining the direction and amount of manipular 
tion of said manipulator on the basis of the maxi- 
mum value and minimum value of said detection 
voltage and said differential voltage. 

17. A focusing apparatus for video camera or 
the like according to claim 6. wherein said manipu- 
lator includes a rotary encoder (33). 

18. A focusing apparatus for video camera or 
the like according to claim 1 7. wherein said detect- 
ing means includes counting means (29) for count- 
ing output pulses from said rotary encoder at said 
predetermined interval of time, and means (30) for 
detecting the phase of the output pulses from said 
rotary encoder to detect the direction of rotation of 
said rotary encoder. 

19. A focusing apparatus for video camera or 
the like according to claim 7, wherein said endless 
'/ariabie resistor includes first and second resistor 
elements (66, 68) each of which is configured into 
a circular arc shape and has opposite ends applied 
therebetween with a predetermined voltage, and 
first and second sliders (67. 69) which are rotatable 
interlocking with each other while contacting said 
first and second resistor elements respectively and 
deliver output voltages having resistance value 
change characteristics different in phase from each 
other by a predetenmined angle, and wherein said 
detecting means includes open area detecting 
means (79) for detecting whether or not any one of 
said first and second sliders is present in an open 
area 'where the one slider does not contact the 
corresponding one of said first and second resistor 
elements, and means (77. 78. 80) for detenmining 
the amount and direction of manipulation of said 
manipulator on the basis of the output voltage from 
the other of said first and second sliders when said 
open area detecting means detects the presence of 
said one slider in the open area. 

20. A focusing apparatus for video camera or 
the like according to claim 19, further comprising 
means (84. 85) for bringing the output voltage from 
any one of said first and second sliders present in 



the open area into a value substantially equal to an 
electric potential of one end of said first or second 
resistor element. 

21. A focusing apparatus for video camera or 
5 the like according to claim 20, wherein said open 

area detecting means includes means (79) for de- 
tecting whether or not any one of said first and 
second sliders is substantially equal to the electric 
potential of the one end of said first or second 
TO resistor element. 

22. A focusing apparatus for video camera or 
the like according to claim 19. wherein said first 
resistor element includes a plurality of concycfic 
resistor element parts (90. 91) each of which is 

/5 configured into a circular arc shape and has op- 
posite ends applied therebetween with said pre- 
determined voltage, and said second resistor ele- 
ment includes a plurality of concyclic resistor ele- 
ment parts (93. 94) each of which is configured into 

20 a circular arc shape and has opposite ends applied 
therebetween with said predetermined voltage. 

23. A focusing apparatus for video camera or 
the like according to claim 7, wherein said endless 
variable resistor includes a resistor element (99) 

25 which is configured into a circular arc shape and 
has opposite ends applied therebetween with a 
predetermined voltage and first and second sliders 
(97, 98) which are rotatable with a predetemfiined 
angle kept therebetween while contacting said re- 

30 sistor element and deliver output voltages having 
resistance value change characteristics different in 
phase from each other by a predetermined angle, 
and wherein said detecting means includes open 
area detecting means (79) whether or not any one 

35 of said first and second sliders is present in an 
open area where the one slider does not contact 
said resistor element, and means (77. 78, 80) for 
determining the amount and direction of manipula- 
tion of said manipulator on the basis of the output 

40 voltage from the other of said first and second 
sliders when said open area detecting means de- 
tects the presence of said one slider in the open 
area. 

24. A focusing apparatus for video camera or 
4$ the like according to claim 23, wherein said resistor 

element includes a plurality of concyclic resistor 
element parts (102. 103) each of which is config- 
ured into a circular arc shape and has opposite 
ends applied therebetween with said predeter- 
50 mined voltage. 

25. A focusing apparatus for video camera or 
the like according to claim 1 . wherein said moving 
means includes means (106, 107) for changing the 
speed of movement of said at least one optical 

55 element in accordance with the magnitude of the 
amount of manipulation of said manipulator de- 
tected by said detecting means. 
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26. A focusing apparatus for video camera or 
the like according to claim 6. wherein said manipu- 
lator (112) is rctatably provided on an outer periph- 
ery of a lens tube (111) of said optical system, and 
said detecting means includes rotationai movement 5 
detecting means (117, 118. 121; 66. 68. 138. 139; 
14&-149; 153-158) for detecting the direction and 
amount of rotational movement of said manipulator 
relative to said lens tube. 

27. A focusing apparatus for video camera or io 
the like according to claim 26, wherein said rota- 
tional movement detecting means includes a resis- 
tor element (117. 66. 68) and a conductor (118. 

138, 139) which are provided on said lens tiarrel 
along the direction of manipulation of said manipu- is 
lator (112) and a slider (121, 67. 69) which is 
provided in said manipulator and contacts said 
resistor element and said conductor thereacross. 

28. A focusing apparatus for video camera or 

the like according to claim 26, wherein said rota- 20 
tional movement detecting means includes an al- 
ternate array (147) of insulating portions and inter- 
connected conductor portions which are altemately 
arranged on said lens barrel along the direction of 
manipulation of said manipulator, a conductor (145, 2S 
146) which is provided parallel to said alternate 
array on said lens tjarrel. and a slider (148, 149) 
which is provided in said manipulator and contacts 
said alternate array and said conductor 
thereacross. ^ 

29. A focu^ng apparatus for video camera or 
the like according to claim 26, wherein said rota- 
tional movement detecting means is detecting 
means (154) coupled with said manipulator (112) in 

an interlocking relation therewith. 35 
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